CoPS infers the number of independent fluorescent emitters (further referred to as emitter number) by analyzing the occurence of multiple photon detection events (mDE) in confocal microscopy.
. Counting by Photon Statistics. a) Scheme describing the probability of multiple photon detection events (mDE) after excitation with a pulsed laser for a certain number of independent emitters N in the laser focus. b) Expectation values for the relative frequencies for i detection events, i.e. the detection of i photons after a laser pulse, for N = 1, 4 and 24 emitters and four detectors (detection probability p = 0.4%, background detection probability p b = 0.03%) for 10 8 simulated laser pulses.
For counting by photon statistics, the full mDE probabilities P m (N, p; i) are modeled (see eq S1 and S3-7 and Figure S1b ). They depend on the number of emitters N and the average photon detection probability per laser pulse and per emitter (further referred to as detection probability) p of the microscope setup (see Equation S2 ). In the recursive expression, m denotes the number of detectors (here, m=4) while i is the number of multiple photons detected after one laser pulse. The model accounts for the stochastic processes of excitation, emission and detection of photons including the geometry of the detection path. Background photons in the photon probability distribution are modeled as an additional, fixed low detection probability of p b . It is important to note that the model takes into account that at most one photon can be detected by one APD after one laser pulse due to the dead time of the detectors and TCSPC electronics (~100ns). Background detection probabilities are typically estimated for each experiment and excitation laser power using the CoPS algorithm with p b = 0 at the end of a trace when the fluorphores are photobleached. The resulting detection probabilities for estimated N=1 of 5-20 traces are averaged and used as input parameter p b for the analysis. For simulations, the simulated p b is used.
The number of emitters N and their detection probability p is estimated by non-linear regression with a LevenbergMarquardt algorithm of the model P m (N, p; i) to the mDE histograms accumulated over the analysis period t acq . Repeated subsampling of a randomly chosen subset of 75% of all laser cycles in the analysis period t acq is used to achieve a more robust estimation. After 100 repetitions, the number of emitters for a single measurement is estimated as the median of the fit results and the error is indicated by the quantiles Q 0.25 and Q 0.75 .
Modeling the photon probability distribution
The photon probability distribution P m is given by (S1)
with N the number of independent fluorescent emitters, p the detection probability (see eq S2), m the number of detectors, i the number of multiple detection events (mDE).
The detection probability p depends on the photon flux, i.e. the average laser intensity divided by the photon energy , the laser repetition frequency , the absorption cross-section , the fluorescence quantum yield and the overall ℎ detection efficiency of the microscope setup η.
The molecular brightness and the detection probability p are related by the laser repetition frequency. The photon probability distributions for the setup used in experiments with four detectors can be expressed explicitly as:
In fact, the probability to detect i photons per laser cycle for a given emitter number scales with p i : 13
Filter sets and lasers 
Properties of the DNA probes
The properties of the DNA hybridization probes with 635 nm excitation are listed in Grussmayer et al. 1 . Table S2 
Connecting the minimum photostability with Fluorophore brightness
For simplicity, we assume that the timepoints of fluorophore photobleaching are distributed according to a monoexponential probability distribution function pdf(t, τ ph ) given in eq S9. The probability for fluorophores to photobleach in a certain timespan Δt is then given by the cumulative distribution function cdf(Δt, τ ph ) (see eq S10). In turn, the probability for fluorophores to still be fluorescent after Δt is P ph (Δt, τ ph ) = 1 -cdf(Δt, τ ph ) (see eq S11). Photobleaching of a pure N-mer leads to a distribution of label numbers k that can be described by a binomial distribution with fluorescence 'success' probability P ph (Δt, τ ph ). The average of the binomial distribution is NP ph , thus the fraction of molecules that are still fluorescent after a certain analysis period is given by eq S12 and this fraction of surviving fluorophores is plotted in Figure S7 for typical parameters.
(S9)
We can now estimate the minimum required photostability necessary to retain a certain fraction of surviving molecules for fluorophores of a particular brightness by using the minimum analysis period that delivers valid CoPS estimates determined by simulations with different detection probabilities as a starting point: All buffers achieved photostabilization compared to imaging of the dyes in PBS (TIRF and confocal experiments, data not shown). Atto647N, Atto633, Cy5, Alexa647 and AbberiorStar635 from 1 , SiR, Cy3B and Alexa532 were nicely stabilized except for rare, long off-times (seconds timescale). Atto550 and Atto565 displayed almost no fast blinking (millisecond off-time), but frequently entered a dimmer fluorescent states with time, which rendered identification of photobleaching steps difficult. For AttoRho6G fast blinking was not completely prevented, but the dye showed no other fluctuations in fluorescence intensity. Atto532 often presented residual, dim fluorescence at the end of intensity traces. For the dyes that were excited with a 470 nm laser, photobleaching was prominent. Fluorescence intensity (light grey), emitter number (black dots) and detection probability (dark grey downward-pointing triangles) estimates with 500 ms time resolution and errors determined by resampling. Labeled streptavidin-Alexa647 with a step in the intensity transient due to a) photobleaching of one emitter or b) changing brightness of one emitter. Experimental conditions were 5μW laser excitation power at 635 nm and a repetition rate of 20 MHz. c) Changing number of independent emitters in a single, 55 kDa poly(3-hexylthiophene) (P3HT) chain in Zeonex due to temporary quenching by deep charge trap states at about 45s followed by photodestruction 2 after about 80s. Experimental conditions were 2 μW laser excitation power at 470 nm and a repetition rate of 20 MHz.
